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CONFIGURATION WITH A 40' SWEFPBACK WING TEfROUGH A 
MACH NUMBER RANGE FROM 0 TO 2.4 AS OBTAINED 
FEIY3M VARIOUS SOURCES 
By M. Leroy wearman and Ross B. Robinson 
SUMMARY 
A summary and a n a l p i s  of resul ts  of various investigations con- 
cerned with the aerodynamfc characterist ics of 8 supersonic.  aircraFt 
configuration through a Mach number range f r o m  0 to 2.4 have been made. 
The configuration had a wing with 40° sweepback 85 the quarter-chord 
line, aspect ratio 4, t aper  ra t io  0.3, and 10-percent-thick circular- 
arc sections normal to the quarter-chord line. 
The results presented include the static longitudinal and l a t e r a l  
s tab i l i ty   charac te r i s t ics  , the  aileron  characterist ics,  and the  damping- 
in-roll characterist ics.  First-order estimates were made of some of the  
resul ts  and these estimates are compared with the experimental results. 
During recent years the National Advisory Committee f o r  Aeronautics 
has been engaged i n  a series of investigations concerned with the aero- 
dynamic characterist ics of a supersonic aircraft configuration having a 
wing with 40° sweepback a t   t h e  quarter-chord line, aspect ratio 4, taper 
r a t io  0.3, and IO-percent-thick circular-arc sections normal t o  t h e  ' 
quarter-chord line. Various phases o f  the investigations covering the 
subsonic-, transonic-, and supersonic-sped range f m m  a Mach n&er 
of 0.16 t o  a Mach number of 2.32 have been p e r f o m d  by using many test 
facilities and t e s t  techniques (references 1 t o  25). 
L 
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Such an extent of experimental data fo r  one configuration provides 
an opportunity for determining the variation of  i t s  aerodynamic charac- 
t e r i s t i c s  through the Mach  number range. A fundamental purpose of the 
present paper i s  to bring together the results of the various investi- 
gations and t o  show comparisons of some of the  resul ts  w i t h  f irst-order 
es t i m a t  es . 
Pressure-distribution studies made of the model in   the  Langley 4- 
by &-foot supersonic tunnel a t  Mach numbers of 1.40 and 1.33 ( refer-  
ences 21 t o  25), although not included i n  the present paper, may be use- 
f u l  i n  interpreting some of the aerodynamic characteristics of the model. 
Inasmuch as the model is similar to several  f lying and proposed 
a i rc raf t ,  a comparison of the first-order estimates with the experi- 
mental resul ts  may be useful in estimating the characterist ics of simi- 
lar configurations. 
The resul ts  of the analysis are referred to the stabil i ty axis 
system ( f ig .  1) w i t h  the reference centers of gravity as indicated i n  
table I. 
The coefficients and symbols are defined as follows: 
CL lift coefficient  (Lift/@ where L i f t  = -Z) 
CD drag  coefficient (Drag/qS where Drag = -X) 
CY lateral-force  c efficient (Y/qS) 
c2 rolling-moment coefficient ( ~ / q ~ b )  
Cm pitching-moment coefficient ( M ' / q S ' F )  
Cn yawing-moment coefficient ( ~ / q ~ b )  
cha aileron hinge-moment coefficient (A,/2%q) 
X force  along X-axis 
I 
Y force  along Y - a x i s  
z force  along Z-axts 
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L moment about X-axis 
” moment about  Y-axis 
3 
3 
N moment about Z-axis 
H a  aileron-  hi ge moment 
M, moment area of a i leron about  hinge l i ne  
9 free-stream dynamic pressure 
b w i n g  span 
S wing area 
C wing mean aerodynamic chord - 
- 
C a i r fo i l   s ec t ion  chord 
m Y distance along wing span 
M Mach number 
v airspeed 
R Reynolds number based on F 
a angle of attack of  fuselage  center  line, degree8 
9 angle of yaw, degrees 
it stabilizer  incidence  angle with respect t o  fuselage  center 
line, degrees 
sa aileron  deflection in free-stream  direction,  degrees 
6 effective  angle  of downwash, depees  
t r a t i o  of aileron  trafling-edge  thickness t o  hinge-line 
L/D lift-drag r a t i o  
- thickness 
m. 
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&&it stabil izer effectiveness,  rate of change of  pitching-moment 
coefficient w i t h  stabilizer incidence angle 
&/& downwash factor, rate of  change o f  effective dmmwash angle 
w i t h  angle o f  attack 
no tail-off  aerodpamic-center  location,  percent F 
nP neutral-point  location,  percent.. F 
lateral-force derivative,  rate of change of lateral-force 
cy$ 
CnJI 
C 2 f  
coefficient w i t h  angle of yaw (w*) 
moment coefficient with angle of yaw (&,/*) 
moment coefficient with angle of yaw (*,I%) 
directional-stabil i ty derivative,  rate of change of yawing- 
effective-dihedral derivative, rate of change of rolling- 
c2 
*CL 
r a t e  of change of effective-dihedral with lift coefficient, 
C 
'8, 
2P 
r a t e  of change of rolling-moment coefficient with aileron 
deflect  ion (& 2/aSa) 
C damping-in-roll factor, rate of change of rolling-moment 
coefficient w i t h  roll ing  velocity 
pb/2V wing-tip  helix  angle,  radians 
(C+P) 
P rolling  velocity,  radians per second 
% r a t e  of change of aileron hinge-moment coefficient with angle 
of attack ("QJaol> 
ch& ra t e  of change of aileron hinge-moment coefficient wi th  
aileron deflection 
c 
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MODELS AND APPARATUS 
5 
Although some minor differences in the various models were present, 
the  complete model shown in figures 2 an& 3(  a) is  representative of the  
models invest igated  in   the Langley 300 MPH 7- by 10-foot tunnel ( "small 
fuselage model, reference 1) the Langley 9-inch supersonic tunnel 
(model 2, reference 10) the  Langley 4- by 4-foot supersonic tunnel, and. 
i n  one rocket model flight. The wing-flow model was the same except 
that only a half-model or  semispan model was used ( f i g .  3(b)) .  
The investigations conducted by the transonic-bump method, the w a l l  
reflection-plane method, and in the Langley 9- by 12-inch supersonic 
blowdown tunnel were made by using semispan wing-body models i n  which 
the wing plan form w a s  t he  same as for   the   bas ic  model although there 
were some differences in  the body shape and wing location. These models 
a re  shown in   f i gu res   3 (c ) ,  3( d) , and 3( e). 
- The rocket-model investigation concerned only with aileron  charac- 
te r i s t ics   -u t i l i zed .  an R"5 rocket model equipped with three fins simi- 
l a r   t o   t h e  wing o f  the basic model (f ig .  3( f ) ) .  - 
Static  forces and moments on restrained models were recorded i n   a l l  
investigations wlth the exception o f  the wing-flow t e s t s  and rocket- 
model t e s t s .  The wing-flow t e s t s  and complete-model rocke t  tes t  made 
use of the oscillating-model technique; whereas the ai leron tests H t h  
the RM-5 rocket made use of the  f ree- ro l l ing  model technique. Complete 
de t a i l s  of t he  models, tes t  techniques,  tes t  condi t ions,  and accuracy 
of resu l t s  may be found i n  the reference  reports. 
I 
RESULFS AND DISCUSSION 
A summary of the various sources of experimental results giving 
the  Mach number and Reynolds number range of each, t he  model center-of- 
gravity location, the configuration tested, the reference numbers and 
f igure number i n  which the  data from these gouzces may be found, is  pre- 
sen ted   in   t ab le  I. 
When the  resu l t s  from the various S O U T C ~ S  a re  compared it should 
be kept i n  mind that there a re   s l i gh t  geometric differences between 
some of t he  models as w e l l  as variations in  test conditions, accuracy, 
and model flexfbil i ty.  Discrepancies in results that arise as a conse- 
location are, i n  some cases, apparent although the effects of  differences 
i n  wing location and body shape have not been determined. 
- 
i quence of  model differences  and  differences due to   cen ter -of -pavi ty  
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Since results were not available throughout the Mach number range 
f o r   a l l  of the parameters, some estimated. variations of the parameters 
with hhch number have been included. Although no attempt has been made 
t o   f a i r   t h e  experimental resul ts ,  some faired curves based on the experi- 
mental and the estimated results are presented 88 possible variations of 
the various parameters with Mach number. In some cases, the curves have 
been extrapolated into regions where no data are available. 
L i f t  and Drag Characteristics 
The experimental l i f t  and drag characteristics are presented in 
figures 4 t o  7 and faired curves summarizing the results are presented 
in  f igure 8. 
Lift.- The variation o f  lif't Coefficient CL with Mach  number fo r  
various angles of attack is  shown in  f igure 4. It i s  d i f f i cu l t  t o  
establish any trends from the wing-flow resul ts   in   the  t ransonic  range 
because of the differences between the two curves. These differences 
are generally within the accuracy of the wing-flow technique. The nota- 
t ions,  run l and mn 2, are used to identify the resul ts  of two t e s t  
dives  for  s l ight ly  different  Reynolds number ranges (see table  I). The 
bump model was  constructed symmetrically and the  lift values  for  this 
model were corrected for the angle-of-attack difference by adding t o  
the bump values the lift coefficient for a, = Oo for  the  complete 
model at M = 0.16. Results from the rocket-model test a re  shown by 
the flagged symbols a t  a = -bo, -2O, and Oo. 
The lift summary ( f ig .  8) indicates that in the subsonic range the  
lift variations with Mach number f o r  constant angles of attack gradually 
diverge and then converge in  the  supersonic range. The shaded area in  
the transonic range indicates a region of estimated uncertainty with 
regard to the variation of CL with M. 
Lift-curve slope.- The variation of the lift-curve slope, CLa, 
with Mach number i s  shown in  f igure  5. The theoretical  variation 
of C k  shown in  the subsonic range w a s  obtained by the use of refer-  
ence 26 and represents a compressibility correction for wing alone 
applied to the low-speed complete-model experimental resul ts .  The theo- 
retical   variation  in  the  supersonic range i s  for   the  wing  alone and was 
determined by the method of reference 27. 
It i s  d i f f icu l t   to   reach  any conclusions concerning the l if t-curve 
slopes in the transonic range since the large differences in the results 
f r o m  the various facil i t ies mask the  effects  of Mach number, Reynolds 
number, and nonlinear l i f t .  variations with angle of attack. 
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With the exception of the  low-speed resul ts  and the results from 
the Langley 9-inch supersonic tunnel, a l l  the data presented in f igure 5 
apply t o   t h e  model with the thickened trailing-edge aileron ( t  = 0.5). 
The effect  of the thickened trailing edge a t  low speeds is  not known. 
Transonic-bump results presented in reference 15 show lift-curve slopes 
for the basic circular-arc wing tha t   a re  about 15 percent lower than 
those for the thickened-profile wing. Wing-flow t e s t s ,  however, indi- 
cated no difference between the  basic-wlng lift-curve  slope and tha t  
for the thickened-profile wing. Results of t he  t e s t s  i n  the  Langley 
4- by 4-foot tunnel (reference 20) indicate a slightly higher CLa f o r  
the  thickened  profile whereas the tests i n  the Langley 9- by =-inch 
tunnel (reference 19) indicated no difference between the l i f t -curve 
s lopes for   the  two profiles.  
The variation of  C r ,  with Mach  number ( f ig .  8) w a s  guided, in 
part ,  .by the resul ts  of reference 28 which indicates that ,  for 35O and 
45' swept wings, the lift-curve slope increases smoothly through the 
transonic range t o  a maximum at a Mach nmiber of about 0.9 and then 
decreases smoothly. The shaded area in the transonic region represents 
a region of  uncertainty i n  the  lift-curve  slope. 
Drag.- The variation o f  drag coefficient CD with Mach  number for  
various lift coefficients i s  shown i n  figure 6 .  The ~ p i b ~ l s  at M = 0.607 
and 0.934 were obtained from a faired curve of CD against CL pre- 
sented in reference 14. The dashed l i n e  is indicative of the type of 
variation of CD with h c h  number near zero lift as sham by reference 14. 
The so l id  line was obtained from a rocket-model fldght near zero lift. 
Agreement of the  rocket-model results with  those from the  w a l l  model 
below the drag rise i s  coincidental inasmuch as the wall  model did not 
have a t a i l  and, as a result, should have, less drag than the rocket 
model. A s  pointed out i n  reference 28, however, %he wing-fuselage drag 
a t  zero l i f t  obtained with this w a l l  model .is not considered.reliable. 
It i s  interesting to note that the drag obtained a t  the  highest 
Mach number for the rocket model (M = 1.36) i s  €n good agreement with 
the complete-model drag obtained i n  the  Langley 4- by 4-foot supersonic 
tunnel (M = 1.40) despite the large difference in the  Reynolds number. 
Sufficient drag data w e r e  available SO that the drag for zero Uft 
( f ig .  8) may be regarded as having a reasonable degree of certainty. 
The variation of d r a g  coefficient w-ith  Mach number indicat:es. a rather 
sharp drag rise through the transonic range beginning a t  ,M N" 0.9, with 
a peak drag at M x 1.1. In  the transonic region, the variation of the 
zero-lift drag curve was used as a-wide-  in fairing the drag curves f o r  
lift coefficients other than zero, . 
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Lift-drag ratio.- The variation of the  l i f t -drag  ra t io  L/D with 
Mach number ( f ig .  7) was obtained from figure 6 for the tunnel tests of 
the complete model and the w a l l  t e s t s  of the wing-fuselage model. No 
L/D ratios f o r  the complete model were obtained in the transonic range 
since drag results were not available for the complete model i n  t h i s  
range except for the rocket tests near zero lift. 
As might be expected, the lift-drag ratios shown i n  figure 8 remain 
about constant up t o  the Mach number for the drag rise and then decrease 
through the transonic range in a m a n n e r  largely due to   t he  drag increase. 
I n  the supersonic ran e the l i f t -drag rat ios  are  qui te  low although a 
slight increase i n  L 7 D with increasing Mach number is indicated. The 
lift-drag ra t ios  shown for  C L  = 0.3 are essentially the maximum L/D 
ratios obtainable. The low l if t-drag ratios at  supersonic speeds are 
about what would be expected as indicated by the  resul ts  of references 23 
and 24 wherein the L/D ra t ios  for  the Xing alone a t  M = 1.59 and 1.40 
were calculated by means of linear thec.ry and compared wi th  experimental 
wing-body results.  
I 
Longitudinal  Stability  Characteristics 
The experimental longitudinal stability characteristics are pre- 
sented in figures 9 t o  32 and are  summarized in figure 13. 
Stabilizer effectiveness.- The variation o f  the stabil izer effec- 
tiveness a C , & H t  with Mach  number i s  presented  in figure 9. The theo- 
retical   variation  with Mach number is  tha t  due only t o   t h e  change in   t he  
horizontal-tail lift-cunre slope. 
The subsonic variation i s  based on the experimental results 
at M = 0.16 and the supersonic variation is  based on the experimental 
r e s u l t s  a t  M = 1.40. The ta i l  l i f t -curve s lope was assumed t o  be the 
same as that for the wing inasmuch ae their  plan forms are similar. 
As a result  the variation of stabilizer effectiveness bC,/ait 
with Mach number ( f ig .  13) is  similar t o  t h a t  shown fo r  C k  of the 
wing. Because of the decreased stabilizer lift-curve slope, the stabi- 
l i z e r  effectiveness at supersonic speeds is  considerably less than i t s  
low-speed value. The shaded area in the transonic range indicates a 
region of uncertainty i n  &,/ait as a resu l t  of uncertainties i n  C ~ X .  
Downwash.- The variation with Mach number of the change of effec- 
t i v e  downwasli angle with angle of attack a€/&- ( f i g .  I O )  xas obtained 
from t e s t s  i n  the Langley 300 MPH 7- by 10-foot tunnel, tests i n  the 
2u 
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Langley 4- by 4-foot supersonic tunnel, and Kfng-flow te s t s .  The low- 
reference 29. The theoretical  values  of ab/& a t  supersonic  speeb 
(obtained from reference 25) account fo r   t he  downwash of the wing as 
w e l l  as the downwash of the body. 
w. speed value of &/&z near  zero lift was estlmated by the method of 
The  downwash variation w i t h  Mach number ( f ig .  l3) indicates a 
peak value  of &/& at M = 0.9. This type of variation and  peak 
of bs/& was obtained both from the wing-flow tests and from bun!@ 
tests of a similar model having the same t a i l  height (see reference 30.) 
The effective downwash at supersonic speeds (fig. 13) i s  consid- 
erably reduced f r o m  i t s  law-speed value. 
T a i l - o f f  aerodynamic center and neutral  point.- The variation of 
the tail-off aerodynamic-center location n, w i t h  Mach  number i s  shown 
in  f igure  11. Ir regular i ty  in  the location of the aerodynamic center 
shown by the wing-flow and wal resul ts  i s  similar t o  that shown i n  the - CL variation. 
The test  in the  Langley 9- by =-inch supersonic blowdown tunnel 
a t  M = 1.90 was  fo r  a model with a slightly different fuselage and 
wing location; however, the resu l t s  follow t he  trend indicated by the 
resul ts  from the  Langley 4- by 4-foot supersonic tunnel. 
The variation of the neutral-point location np (center-of-gravity 
l o c a t i o n   f o r   n e u t r a l   s t d i l i t y   f o r  complete model) w i t h  Mach n-er i s '  
presented i n  figure 12. The more forward location of  the neutral point 
indicated by the rocket-model tests at M = 1.34 r e s u l t s  i n  part from 
the high C b  obtained for the rocket model (see f ig .  5 ) .  
The ta i l -off   aerodyndc  center   locat ion and the neutral-point 
location (fig.  13) shift  rearward about 25 percent of  the  mean aero- 
dynamic chord from subsonic speeds to supersonic speeds. A slight for- 
w a r d  shif t  indicated in the neutral  point new M = 0.9 may resu l t  from 
the  rapid increase i n  effective downwash at the tail for this Mach 
number. Aside from the transonic range, both the aerodynamic-center 
location and the neutral-point location are essentially constant with 
Mach number. Although the difference between the aerodynamic-center 
location and the neutral-point location indicates a nearly constant tail 
contribution throughout the Mach number range, it is  evident that this - constant t a i l  contribution is  a resu l t  of  compensating  changes i n  
aC,/ait ana as/&. 
L. 
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Sides l i p  Derivatives 
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The experimental sideslip derivatives are presented i n  figures 14 
t o  16 and are  summarized in  f igure 17. 
Lateral-force derivative.- The variation of the lateral-force 
derivative CyJ, with Mach number i s  shown i n  figure 14. The estimated 
variation of Cy with Mach  number i s  tha t  due only to the change i n  
ver t ical- ta i l  l i f t -curve s lope.  The subsonic variation w a s  obtained 
by applying a compressibility correction obtained from reference 26 t o  
the  M = 0.16 experimental  results. The supersonic  variation was based 
on the M = 1.40 experimental resul ts  with the ver t ical- ta i l  l i f t -curve 
slope  variation  with Mach number determined from charts  presented i n  
reference 27. A vertical-tail  aspect ratio of 1.5 was used in  the  l iF t -  
curve-slope estimates. T h i s  aspect ratio i s  that  for  the exposed ver t i -  
c a l   t a i l  with a correction obtained from reference  31  to account for  
the end-plate effect of the horizontal tai l .  This end-plate correction 
has been used at both subsonic and supersonic speeds in t he  calculation 
of the theoretical  vertical-tail  l if t-curve slopes.  It w a s  assumed that 
the value of Cy f o r  the model with the tail off does not change wi th  
Mach number. Theoretical and experimental results indicate this assump- 
t ion  is  reasonable for a body of revolution (see reference 32) and the 
resul ts  of reference 26 indicate that,  for the  subsonic range, a t  l eas t ,  
the variation of CY with Mach  Rumber for  the wing at low l i f t  coef- 
f ic ien ts  would be negligible. 
* 
4f 
l# 
Results *om the tests in   t he  Langley 9-inch supersonic tunnel 
(M = 1.55,.1.90, 2.32; reference 10) were converted from the wind axes 
t o  t h e  s t a b i l i t y  axes. The resul ts  f r o m  the Iangley 4- by 4-foot tunnel 
indicate  sl ightly lower values of than  those  obtained f r o m  t h e  
tests in the Langley 9-inch tunnel. As pointed out i n  reference 7, some 
of this difference i s  a resu l t  of a small opening made In the   ver t ica l  
t a i l  of the  Langley 4- by 4-foot tunnel model t o  permit deflection of 
the horizontal  tai l .  Tests made with the opening sealed (reference 9 )  
indicated that Cy might be increased  about 10 percent. 4f 
The t ransi t ion of Cy from subsonic  speeds t o  supersonic  speeds 
d, 
i s  fa i red smoothly ( f ig .  17) since the  l o w  aspect ratio of the vertical 
t a i l  should result in a smooth variation of tail lif't-curve slope through 
the transonic range. A t  supersonic speeds, o f  course, the decrease i n  
w i t h  increasing Mach number is a result of a decreasing vertical- 
- 
cy* 
t a i l  lif't-curve slope. 
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Directional-stability  derivative. - The variation of the directional- 
* stabi l i ty   der ivat ive Cndr wlth Mach  number i s  presented  in figure 15. 
The estimated variation of C with Mach number f o r  the complete model 
is tha t  due only t o  the change Fn the ver t ical- ta i l   l i f t -curve  s lope.  
Other factors which have been neglected that could  affect  the  variation 
of C13,~/ with Mach  nurriber include changes tn the 5nterference effects 
and a possible shift in the  t a i l  cen te r  of pressure. The value of C 
for the tail-off case was assumed t o  be constant with Mach number. This 
assumption i s  substantiated fo r  bodies of revolution by the experimental 
and theoretical  results presented i n  reference 32. Reference 26 indi- 
cates that  C for  the wing alone might become s l igh t ly  less stable 
at the higher l i f t  coefficients. 
n$ 
9 
9 
With regard t o  the  transonic  results it should be remenibered that 
the rocket-model center o f  g rav i ty   i s  farther forvard than that f o r  the 
tunnel models; hence, the d i rec t iona l   s tab i l i ty  of the rocket model 
should be greater. When correction is  made f o r  the difference in center- 
- of-gravity  location  the  values of 
c% 
for  the  rocket model would be 
reduced approximately 15 percent. The difference between the resul ts  
from the 4- by 4-foot tunnel and those from the +inch tunnel is caused 
by  the  differences i n  C previously  discuased. % 
The variation of Cn as shown i n  figure 17 is  similar t o  that 
fo r  C inasmuch 88 the ver t ical- ta i l   l i f t -curve  s lope is the con- 
t rol l ing factor  in  e i ther  case.  O f  some concern at supersonic speeds 
is  the  trend of C towards zero, o r  direct ional   instabi l i ty ,  f o r  the 
complete model. If the tail-off value of C v  remains the same while 
the vertical-tail lift-curve slope contipues t o  decrease with Mach 
number, the  unstable moment of the wing-body conbination may eventually 
outweigh the  stable  contribution of  the tail. 
Ik 
y* 
3 
Effective dihedral derivative.- The variation of the  roll ing- 
moment-due-to-yaw o r  effective  dihedral  derfvative C near CL = 0 - 2J' 
and the  var ia t ion of effective dihedral with lift coefficient C2 
w i t h  Mach number are sham i n  figure 16 fo r  the camplete model and f o r  
the model w i th   t he   t a i l   o f f .  Experimental results were available only 
from the 300 MPH 7- by 10-foot tunnel t e s t s  and the  4- by 4-foot tunnel 
t e s t s  . 
- *CL 
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The estimated variation of CzJ( w i t h  Mach number for  the complete 
model is tha t  due only t o  the change in the  ver t ical- ta i l  l i f t -curve 
slope. The variation o f  C 2 with Mach number i n   t h e  subsonic range 
for   the model w i t h  the t a i l  off  w a s  determined by applying a compressi- 
b i l i t y  correction obtained from reference 26 to   the  low-speed experi- 
mental value. Simple estimates of the vertical-tail contribution 
1 
*CL 
t o  cx 
*CL 
indicate no variation with Mach number i n  the  subsonic range. 
A Large effect  of the v e r t i c a l   t a i l  on a t  CL x 0.1 is  cz* 
evidenced by figure 17 i n  that almost a l l   t h e  rolling-moment due t o  yaw is 
produced by the  ver t ica l  tai l .  Opposite to  the  usual low-speed resul t ,  
the  effective  dihedral of the wing-body combination becomes negative 
through part  of the supersonic range. It i s  indicated i n  reference 33 
that the effective dihedral for sweptback wings a t  positive l ifts is 
posit ive aa long as the  wing leading edge i s  subsonic. A t  higher Mach 
numbers the effective dihedral reduces towards zero. 
The trends  indicated  by C %, Cngr and C in t he  subsonic  range 
are  similar t o  the trend6 shown in reference 34 fo r  a s t r a i g h t - w i n g  model 
i n  the Mach number range from 0.40 t o  0.88. 
Aileron Characteristics 
The experimental aileron characteristics are present& in ffg- 
ures 18 and 19 and are summarized in  f igure 20. 
Aileron effectiveness.- The aileron effectiveness C for  small 
‘5, 
deflections against Mach number ( f ig .  18) was obtained for two aileron 
profiles:  the basic circular-arc aileron and the flat-sided aileron 
having a r a t io  of trailing-edge thickness t o  hinge-line thickness of 0.5. 
The low-speed value  of C was estimated by the  use of refer-  % 
ence 35 and the theoretical values of C a t  M = 1.40 and 1.59 were 
obtained from reference 20. Although the theoretical values of C 
are  somewhat higher than the experimental values, the effects of 
trailing-edge angle are the same. 
‘6, 
‘8a 
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The variation of aileron effectiveness with Xach number as summa- 
rized in figure 20 Fndicates the rapid decrease i n  C in   the   t ran-  
sonic range and the reversal in effectiveness of the clrcular-arc profile.  
It should be pointed out, however, that these res-Jlts Etre f o r  a rigid 
wing and are  for  small aileron deflections near zero l i f t  and that above 
about 4’ deflection the effectiveness is  posit ive.  Thickening the 
t r a i l i n g  edge eliminated  the  reversal shown by the  circular-arc  profile 
and increased  the  effectiveness. 
‘Ea 
Aileron  hinge moments. - The variation of  the  aileron hinge-moment 
characterist ics Cha and Chga with Mach  number i s  presented i n  f ig-  
ure 19. Low-speed values were estimated by the use of reference 36. 
The variation of Cha and C with Mach n&er ( f ig .  20) in   t he  
h8a 
subsonic range i s   i n  accordance with the trends indicated in reference 37. 
It i s  pointed out i n  reference 37 that, when the trailing-edge angle i s  
small ( corresponding to t = 0.5), the values of C b  and C usually 
increase i n  absolute magnitude as the Mach  number is  increased; whereas, 
when the trailing-edge angle is large ( circular-arc 1 the values of Chct 
and Ch of smooth low-drag a i r f o i l s  almost invariably become mre 
positive. It i s  not possible, of course, t o  a t t r ibu te  all the variation 
i n  Ch and ch t o  changes i n  Mach  number as a large  part of the  
variation may resu l t  from changes i n  the boundary-layer transit ion  point 
caused by changes in   the  Reynolds number ae the Msch n W e r  is  increased. 
Since it might be expected tha t   the   a i le ron   hbge  moments would be 
especially sensitive to Reynolds n-er changes, the correlation of 
hinge-moment resul ts  from the various sources should be used with caution. 
hga 
Ea 
a. 6, 
Rolling  Characteristics 
The basic  roll ing  characterist ics of the model f o r  both  the  circular- 
arc  and the t = 0.5 aileron are presented in figures 21 and 22 and are 
summarized in figure 23. 
Damping-in-roll derivative.- The variation of the damping-in-roll 
derivative C z p  with Mach  number i s  presented in figure 21. The only 
- 
available experimental data were those obtained at transonic speeds by 
using the transonic bump and at M = 1.90 in the Langley 9- by E- inch  
supersonic tunnel. These results (reference 15) were obtained by the 
twisted-wing method. 
14 
- 
II NACA RM ~ 5 2 ~ 2 1  
The low-speed value of C z p  w a s  obtained by the method of refer-  
ence 38 and the  variation  of C with Mach  number a t  subsonic  speeds 
was determined by the use of reference 26. In  the Mach number range 
from 1.15 t o  1.36 the theoretical values of were obtained  by  the 
use  of  reference 39. The theoretical  values  of Cz i n  t he  Mach number 
range from 1.40 t o  1.9 were obtained from reference 27. The theoreti- 
cal  values of Cz a re  a l l  fo r  t he  wing alone. 
2P 
czP 
P 
P 
The variation of C with Mach number in the  transonic  region 
2P 
( f igs .  21 and 23) is  indicated to be somewhat different for the wings 
with the two proffles. It is pointed out i n  reference 15 that  these 
differences are probably a resul t  of differences i n  the lift-curve slope 
for   the  two wings and differences in the type of separation near the 
t r a i l i n g  edge. 
Rolling effectiveness.- The variation of the  rolling  effectiveness 
per degree of aileron deflection e/&. with Mach  number is presented 
2v 
in  f igure 22. Values for the rocket model in the transonic range were 
determined direct ly  from the f l ight  of rol l ing models. The bump values 
in the transonic ,range were determined by use of the experimental CzB, 
and C z  values from figures 18 and 21. Tunnel  values were computed 
from the experimental values of C and the theoretical values of 
except for the flagged point at M = 1.90 which w a s  determined from 
experimental values of both C 
P 
Ea 2P 
6a 
and Cz 
P 
The reversal of roll ( f igs .  22 and 23) indicated in the transonic 
range for   the wing having the circular-arc profile aileron is a resu l t  
of   the   reversal   in  C2 already  discussed.  This  reversal,  as shown i n  
references 12 and 14, should disappear for deflections above about 4'. 
6a 
COIiC WSIONS 
1. I n  the transonic region, the differences i n  t he  lift and lift- 
curve slopes obtained from the var ious faci l i t ies  were such tha t  Mach 
number o r  Reynolds nuniber effects could not be evaluated. 
2. A relatively sharp drag rise began near M = 0.9 with a peak 
drag a t  M = 1.1. The maximum lif t -drag rat io  a t  supersonic  speeds wa8 
value. 
. about 3.5 and was i n  fair agrement with the theoretically predicted 
3- An increase i n   t h e   s t a t i c  margin occurred'through the transonic 
range largely as a result  of an increase in  the longi tudinal  s tabi l i ty  
of the wing-fuselage conibination. A constant tail contribution to the 
longi tudinal   s tabi l i ty  was indicated throughout the Mach number range 
although the factors comprising the tail contribution varied widely. 
4. The s ide   force  due t o  yaw and the  direct ional   s tabi l l ty   increased 
smoothly at subsonic speeds with increasing speed and decreased smoothly 
a t  supersonic speeds in  a manner mainly due to   t he   va r i a t ion  of the 
vertical-tail  l if t-curve slope.  A trend towards direct ional  instabi l i ty  
was indicated for higher Mach numbers. 
5.  Unlike the low-speed effect ,  the  var ia t ion of effective dihedral 
with lift coef f ic ien t  in  the  low supersonic range was quite small, and 
there was an indication of reversal 'of  effective dihedral from posit ive 
t o  negative  for  the model w i t h  the  t a i l  off .  
6. The effectiveness of the aileron in producing r o l l  was  much less 
at supersonic speeds than at subsonic speeds with the  loss of  effective- 
ness being somewhat greater than that indicated by theory. The effec- 
tiveness of a circular-arc contour aileron reversed in the transpnic 
range for aileron deflections of less than 4'. Thickening t h e  t r a i l i n g  
edge of the  a i leron  resul ted  in  an elimination of  t he  reversal and 
increased the rolling effectiveness as well as the hinge moments through- 
out the Mach  number range. Similar effects o f  traiung-edge thickness 
on the  roll ing  effectiveness and the hinge moments were indicated by 
theory. 
Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Langley Field, VEL. 
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Figure 3.- Details of models of supersonic aircraft configuration. 
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(c) B m  model. 
Figure 3.- Continued. 
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(e) Langley 9- by U-inch sypersonic blardnun tunnel model. 
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(f ) R"5 rocket model. 
F i p e  3. -  Concluded. 
Figure 4.- Variation of lift coefficient with Mach number f o r  several 
angles of attack as obtained frm various sources. 
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Figure 5.- Variation of Llft-curve slope with Mach number for several 
lift coefficients. Complete model. 
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Figure 6.- Variation OS drag coefficient w i t h  Mach number for  several 
1Wt coefficients a6 obtained from various somcea. 
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Figure 7.- V a r h t i o n  of lift-drag ratio w i t h  Mach number fox several 
lift coefficients. 
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Figure 8.- Variation of lift and drag characteristics with Mach number. 
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Figure 9.- Variation of stabilizer effectiveness with Mach number a6 
obtained frm various sources. 
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Figure 10.- Variation of the aoMwaah factor &/aa with Mach number 
as obtained frm w l o u a  sources. 
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Figure 11.- Variation of the tail-off aerodymmic-center location w i t h  
Mach number as obtained from various sourcea. 
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Figure 12.- Variation of t h e  neutral-point location with Mach number as 
obtained f r p r c l m  various mmces.  
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Figure 13.- Variation of longitudinal stability characteristics with 
Mach number. CL 0. 
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Figure 14.- Variation of the static lateral-force derivative - w i t h  Mach 
number. 
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Figure 15.- Variation of +&e dFrcctiondl stability derivalive with Mach 
number. 
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Figure 16.- Variation of effective dihedral derivatives with Wch 
number. CL w 0. 
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Figure 17.- Variation of the sideslip derivatives u l th  Mach mlmber. 
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Figure 18.- Variation rrf aileron effectivenegs derivative w i t h  Mach 
number. %, 6, J 0 .  
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Figure 19.- Variation of aileron hinge-mment characterietica w i t h  Mach 
number. CL, 6,XO. 
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Figwe 22.- Varjstion of rolling effectiveness vlth Mach number. CL, 
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